Objective: To determine whether the use of a 20% absolute risk threshold for cardiovascular disease as recommended in current guidelines leads to exclusion of patients with a substantial modifiable risk (> 5%). Methods: Data collected within the framework of a randomised controlled trial in three primary health care centres located in deprived neighbourhoods were analysed. The 10 year absolute risk and the modifiable part of risk were calculated by using the Framingham risk equation. Among patients with a modifiable risk reduction of > 5% (number needed to treat ( 20) the characteristics and risk factors of patients with an absolute risk > 20% and those with an absolute risk , 20% were compared. Results: 293 patients aged 30-70 years at risk of developing cardiovascular disease were included, of whom 66% were women and 36% were of Dutch origin. Of all patients, 33% had an absolute risk > 20% and 61% had a modifiable risk > 5%. Of those at > 20% absolute risk, a vast majority (98%) had a modifiable risk > 5%. Among those with an absolute risk , 20%, 43% had a modifiable risk > 5%; this group, who were relatively young and predominantly women, constituted 29% of the entire study population. Conclusions: Targeting preventive strategies at a 10 year absolute risk > 20% leads to exclusion of a large group of relatively young, predominantly female patients. In total, about one quarter had an absolute risk , 20% but a modifiable risk > 5% and should therefore benefit from intervention.
C ardiovascular disease (CVD) is a major cause of disability and mortality in developed countries. Interventions targeted at modifiable risk factors, such as hypercholesterolaemia, hypertension, and smoking, can delay or even prevent the occurrence of CVD. [1] [2] [3] Furthermore, multiple risk factor interventions in high risk groups are more beneficial than single risk factor interventions. 4 The most widely used method for assessment of CVD risk is based on equations derived from the Framingham heart study, which are based on multiple risk factors. 5 6 Whether patients are identified as being at high risk and thus should be targeted for prevention activities depends on absolute risk threshold values, which vary between different guidelines. [7] [8] [9] These risk thresholds are based not only on the population prevalence of cardiovascular risk factors and CVD but also on the availability of health care resources. 10 Similar to several Western guidelines, the Dutch guidelines for hypertension and hypercholesterolaemia recommend treatment in case of an absolute risk of CVD > 20%. 11 12 However, these national and international absolute risk thresholds depend largely on the non-modifiable risk factors age, sex, and diabetes mellitus. They do not take into consideration which part of the cardiovascular risk is due to modifiable risk factors to identify patients for prevention activities. We considered whether focus on this modifiable part of the absolute risk is more appropriate for identifying those at risk of developing CVD than the currently applied absolute risk thresholds. Firstly, CVD risk reduction is larger when larger reductions of the modifiable risk factors blood pressure, cholesterol, and smoking are achieved, indicating larger absolute risk reductions and a lower number needed to treat (NNT). Different trials on cholesterol lowering and antihypertensive interventions reported NNTs of about 20-that is, 20 patients need to be treated to prevent one cardiovascular event. [13] [14] [15] [16] This NNT corresponds to an absolute risk reduction of 5%. Secondly, the use of absolute risk thresholds in some patient groups such as women, young people, and ethnic minorities may result in undertreatment because of a 10 year absolute risk , 20% compared with men, older people, and white or Western populations, respectively, despite large achievable absolute risk reductions. 17 18 This problem is more likely to occur in deprived neighbourhoods because people living in these areas are at greater risk than the general population of developing CVD. 19 We conducted a study in a heterogeneous patient population at high risk of developing CVD, which consisted of both men and women without a history of CVD from different ethnic groups living in deprived neighbourhoods. The objective of this study was to determine whether the use of a 20% absolute risk threshold as recommended in current guidelines leads to exclusion of patients with a substantial modifiable risk (> 5%).
METHODS
We used data collected within the framework of a randomised controlled trial to assess the effectiveness of a structured collaboration within the general practice to reduce cardiovascular risk. Briefly, the trial population consisted of an intervention group that received intensified preventive care and a control group that received usual general practitioner care. Both groups were invited to the general practice for assessment of their cardiovascular risk profile every three months. We performed the study in three Dutch health care centres comprising five general practices situated in the deprived neighbourhoods of Rotterdam and The Hague. Area deprivation in the Netherlands is defined according to an index based on income, number of people dependant on social benefits, and level of urbanisation. 20 In this study the baseline data of the trial were analysed.
Abbreviations: CVD, cardiovascular disease; HDL, high density lipoprotein; NNT, number needed to treat Patient selection and data collection To identify all potential high risk patients, two steps were followed. Firstly, the electronic general practice medical records, containing all available medical data (including consultations, laboratory results, letters from specialists, and prescriptions) were searched. All patients aged 30-70 years with one or more registered risk factors (hypertension, diabetes mellitus, hypercholesterolaemia, history of CVD, family history of CVD, smoking, and measurements of blood pressure > 160/90 mm Hg or total cholesterol > 6.2 mmol/l within the preceding two years) were selected. Secondly, patients thus selected were invited to participate. They were informed about the study during a home visit and asked to give their informed consent. A structured questionnaire was used to measure background characteristics, cardiovascular risk factors, family history of CVD, and history of CVD. In addition, patients underwent a limited physical examination consisting of blood pressure, weight, and height measurements by a trained research assistant. Blood pressure was measured during the home visit in a sitting position with a validated electronic sphygmomanometer. Two measurements were taken separated by at least a 10 minute interval. The mean of these readings was used for the analyses.
Blood samples were taken at the laboratory to measure fasting glucose, haemoglobin A1c, and the lipid profile.
Of 536 patients who signed informed consent for the trial, 430 had a completed cardiovascular risk profile. Of these, the Framingham risk formula could not be applied to 137 patients because of a CVD history and were thus excluded from analysis. Finally, data on 293 participants were available for analysis.
Determination of cardiovascular risk and modifiable risk By using the Framingham equation, we calculated for each patient the 10 year risk of developing a CVD event. 5 17 The formula considers the following independent variables: age (in years), sex (male/female), systolic blood pressure (in mm Hg), total cholesterol to high density lipoprotein (HDL) cholesterol ratio, smoking (yes/no), and diabetes mellitus (yes/no). Diabetes mellitus was considered to be present if it was registered in the patient's general practice records or if the patient was taking diabetes medication or had a fasting glucose concentration > 7 mmol/l. We considered 10 year cardiovascular risk thresholds of 20% and 40% as recommended in several international guidelines. 8 9 11 The modifiable part of the absolute risk was determined in two ways (see appendix):
N A ''potential'' modifiable risk, which is the maximum reduction in the absolute risk by eliminating modifiable risk factors and is composed of the separate absolute risk reductions for systolic blood pressure (reduction from . 120 to 120 mm Hg), total to HDL cholesterol ratio (reduction from . 4 to 4), and smoking cessation (if patients smoke). The non-modifiable risk consists of the absolute risk for CVD based on age, sex, diabetes, and fixed values on modifiable risk factors (total to HDL cholesterol ratio 4, systolic blood pressure 120 mm Hg, and non-smoking).
N A ''realistic'' modifiable risk, which is the expected reduction in absolute risk according to trials on hypercholesterolaemia, hypertension, and smoking. 21 22 The nonmodifiable risk is based on age, sex, diabetes, a 20% decrease in total cholesterol and 5% increase in HDL cholesterol, a 12 mm Hg decrease in systolic blood pressure, and smoking cessation. 21 22 The modifiable risk is composed of the separate risk reductions for systolic blood pressure (if . 120 mm Hg), total to HDL cholesterol ratio (if . 4), and smoking (if patients smoke).
Data analyses
We used cross tabulations to determine the numbers and proportions of patients identified according to the absolute risk thresholds, the modifiable part of absolute risk, or both identification criteria. To assess differences in patient characteristics, we distinguished two groups: those with an absolute risk > 20% and a modifiable part of risk > 5%; and those with an absolute risk , 20% but with a modifiable part of risk > 5%. Proportion of women, non-Dutch ethnic group, current smokers, obese patients, and patients with total cholesterol to HDL cholesterol ratio . 4, systolic blood pressure > 140 mm Hg, the presence of diabetes mellitus, and a family history of CVD were compared between the groups by x 2 tests, and mean age by independent t test. Data were analysed by SPSS software, version 12.0 (SPSS Inc, Chicago, Illinois, USA). Table 1 gives the general characteristics and cardiovascular risk factors of the 293 participants.
RESULTS
Two thirds of the patients were women (66%) and a majority had a non-Dutch background (36% were Dutch, 33% Turkish, 12% Surinamese, 6% Moroccan, and 12% others, mainly from the Antilles, Pakistan or India, and the former Yugoslavia). The study population was young (51.8 (9.3) years) but had multiple risk factors, 32% of patients were current smokers, and 36% reported having a family history of CVD. A large group of all patients (75%) had two or more cardiovascular risk factors and about half of the patients (48%) had three or more risk factors. Table 2 shows that use of a 10 year absolute risk threshold > 20% identified 33% of patients. On the basis of the 5% modifiable risk threshold, 61% of patients were identified with a potential reduction > 5% and 45% with a realistic reduction > 5%. A large majority of the patients at 20% or greater absolute risk had a modifiable part of risk > 5%-that is, 98% had a potential modifiable risk > 5% and 88% had a realistic modifiable risk > 5%. These proportions correspond, respectively, to 33% and 29% of all patients. Only 1-4% had an absolute risk > 20% and a modifiable risk , 5% (table 2) .
Among those patients at , 20% absolute risk, a considerable group had a modifiable part of risk > 5%, which could justify prevention activities: 43% with a potential modifiable part > 5% and 24% with a realistic modifiable part > 5%. As a proportion of all patients, these proportions were 29% and 16%, respectively (table 2) .
Use of a higher absolute risk threshold, for example, > 40% as recommended by some guidelines, 9 identified a very small proportion of patients (6%). Among those patients not identified, a large group had a modifiable part of risk > 5% (55% of all patients had a potential modifiable part > 5% and 40% had a realistic modifiable part > 5%).
In table 3 we compare the characteristics of patients with an absolute risk , 20% and a modifiable part of risk > 5% (group 1) with the characteristics of patients with an absolute risk > 20% and a modifiable part > 5% (group 2). The patients in group 1 were predominantly women and young. A slightly higher proportion in this group had a nonDutch origin but this difference was not significant. Although the proportions of patients with modifiable risk factors were smaller in group 1 than in group 2, more than half of them had hypertension and hypercholesterolaemia and more than one quarter had diabetes mellitus. No differences in obesity were noted between the groups.
DISCUSSION
Our results show that using an absolute risk threshold of > 20% leads to the exclusion of patients with a large potential reduction in absolute risk mainly in women and young patients, among whom preventive activities are more cost effective in the long term. A more appropriate criterion for identifying high risk patients is the use of the proportion of absolute risk contributed by the major modifiable risk factors, namely systolic blood pressure, the cholesterol to HDL cholesterol ratio, and smoking. We considered a modifiable part of > 5% of the absolute risk to be appropriate because it discriminates between patients with and without the possibility of lowering the modifiable risk factors to target levels. This risk reduction corresponds also to the NNT to prevent one cardiovascular event by means of intervention activities.
The application of the proposed modifiable part of the absolute risk, instead of using a CVD risk threshold > 20%, in general practices is advantageous for several reasons.
Firstly, it is more likely to identify those young patients who should be considered for treatment because of high levels of risk factors to prevent CVD in the long term. Similarly focusing on the modifiable risk will reduce overtreatment of older people at low modifiable risk. 18 Secondly, the absolute risk of CVD is lower in women than in men. Applying the same absolute risk thresholds to men and to women excluded a large number of female patients from prevention activities, despite their unfavourable modifiable risk factors. Focusing on the modifiable part of the risk, rather than the absolute risk, would allow more women to be involved in prevention and treatment of CVD. Although not all risk factor intervention trials have included women, it is clear that the relative benefits on cardiovascular morbidity and mortality are similar for both sexes. The major risk factors have a substantial impact on the absolute risk in women-for example, in the US population as a whole, as many women as men die of coronary heart diseases. 23 Therefore, prevention based on cardiovascular risk factors in women should not be delayed. Examples illustrating the differences between using the absolute risk threshold and the potential or realistic modifiable part of risk Absolute risk , 20% and potential and realistic modifiable risk > 5% A middle aged (49.5 years) female patient without diabetes has a systolic blood pressure of 191.00 mm Hg and total cholesterol to HDL ratio of 4.42. The calculated absolute risk is lower than the 20% absolute risk threshold (16.54%). However, the potential modifiable risk is 11.29% and the realistic modifiable risk is 5.00%. A young male diabetic patient (age 39 years) smokes cigarettes and has a systolic blood pressure of 120 mm Hg and total cholesterol to HDL cholesterol ratio of 7.17. The absolute risk is 13.85% and the potential modifiable risk is 7.80%; the realistic reduction is 5.98%. Absolute risk > 20% and potential and realistic modifiable risk , 5% A male patient aged 67 years has a systolic blood pressure of 130 mm Hg, total cholesterol to HDL cholesterol ratio of 4.00, does not smoke, and does not have diabetes. The absolute risk is 21.5%, the potential modifiable risk is 3.15%, and the realistic modifiable risk is 3.31%.
Thirdly, people living in deprived neighbourhoods have a greater risk of developing CVD than the general population due to their unfavourable (modifiable) risk factors. 19 Therefore, focusing on modifiable risk is a reasonable approach, mainly because of the heterogeneity within such a population in terms of ethnicity (that is, a large proportion of non-Dutch people) and age distribution (mainly young people from ethnic minorities and elderly Dutch). The ethnic origins of the population must be taken into consideration because the Framingham risk score is derived from a population consisting of a large majority of white patients of European origin and both underestimates and overestimates of the absolute risk in other ethnic groups have been reported. 17 24-26 . About two thirds of our study population had a non-European origin, mainly Turkish, Surinamese, or Moroccan. We found no significant ethnic differences in the proportions of identified patients according to the applied risk thresholds, but this may be because of small numbers of the different ethnic minority groups. Compared with other international guidelines, the current Dutch guidelines provide no information about the underestimation of the CVD risk in ethnic minority groups. 8 9 27 So the focus on the modifiable part of risk instead of the absolute risk in a heterogeneous population living in deprived neighbourhoods is a possible alternative.
Several limitations of the present study should be mentioned. The proposed modifiable part of the CVD risk is based on blood pressure measurements taken on one occasion, whereas national guidelines recommend that blood pressure should be considered after repeated measurements. Our measuring procedure may have overestimated the modifiable part of the risk and consequently of the CVD risk. On the other hand, we believe that misclassification is limited because the CVD risk assessment depends on many risk factors and because the risk formula initially was based on single measurements.
For determination of the modifiable risk, we considered that smokers can quit smoking and we included patients whose blood pressure was higher than 120 mm Hg and had a cholesterol to HDL ratio . 4. Although a limited number of patients may successfully quit smoking, according to a large Danish study smoking reduction has no impact on CVD risk whereas smoking cessation clearly reduces the risk. 28 The above mentioned blood pressure levels are relatively low to justify intervention according to the guidelines. However, evidence has shown that each 10 mm Hg drop in systolic blood pressure decreases the risk of stroke in one third of patients and that this association is continuous down to levels of at least 115/75 mm Hg. 29 We considered in this study a modifiable risk > 5%. Of course, pharmacological treatment can further reduce blood pressure (systolic blood pressure , 120 mm Hg) or lipids (total cholesterol to HDL ratio , 4) resulting in higher levels of the realistic or potential modifiable risk. Consequently fewer patients would be identified for intervention activities (lower NNT). Nevertheless, we think that further reduction of modifiable risk factors is not realistic and that drug related adverse effects are more likely to exceed the benefits. 30 A major strength of this study is stating the importance of reducing modifiable risk factors for all patients, despite a lower threshold of absolute cardiovascular risk. Whether the potential or realistic modifiable risk should be taken into account in daily practice depends on the levels of the modifiable risk factors and the patient's likelihood of complying with prevention strategies. In daily practice, clinicians should discuss with patients the modifiable risk for CVD because it is a more comprehensive approach for the prevention of CVD than just individual risk factors and it is easier to communicate with patients. Additionally clinicians should be aware that using risk charts based on absolute risk thresholds as recommended by the guidelines is inadequate for the identification of high risk patients to initiate intervention. Therefore, current guidelines regarding prevention of CVD should be adapted.
We conclude that targeting preventive strategies at patients with an absolute 10 year risk > 20% would exclude a large group of relative young, predominantly female patients. This group constitutes as much as one quarter of all patients and they may benefit from preventive strategies to prevent CVD in the long term because their potential reduction in absolute risk of CVD exceeds 5%. Moreover, using the modifiable part of risk will reduce overtreatment of older patients with a raised absolute risk but low modifiable risk. Values are mean (SD) or number (%). *Based on the Framingham risk equation (based on age, sex, diabetes mellitus, systolic blood pressure, total cholesterol to HDL cholesterol ratio, and smoking); Àmaximum reduction in 10 year absolute risk by eliminating modifiable risk factors (systolic blood pressure reduction from .120 to 120 mm Hg, total cholesterol to HDL cholesterol ratio reduction from . 4 to 4, and smoking cessation if the patient smokes);`expected reduction in 10 year absolute risk by lowering the modifiable risk factors according to results from trials (systolic blood pressure reduction by 12 mm Hg, total cholesterol reduction by 20%, HDL increase by 5%, and smoking cessation); 1based on patients' self reports; ôhypercholesterolaemia defined as total cholesterol to HDL cholesterol ratio .4, hypertension defined as systolic blood pressure >140 mm Hg, and obesity defined as body mass index >30 kg/m 2 .
